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Abstract
Background: Prevention of malaria epidemics is a priority for African countries. The 2000 malaria epidemic in Burundi
prompted the government to implement measures for preventing future outbreaks. Case management with artemisinin-
based combination therapy and malaria surveillance were nationally improved. A vector control programme was initiated
in one of the most affected highland provinces. The focal distribution of malaria vectors in the highlands was the starting
point for designing a targeted vector control strategy. The objective of this study was to present the results of this
strategy on malaria transmission in an African highland region.
Methods: In Karuzi, in 2002–2005, vector control activities combining indoor residual spraying and long-lasting
insecticidal nets were implemented. The interventions were done before the expected malaria transmission period and
targeted the valleys between hills, with the expectation that this would also protect the populations living at higher
altitudes. The impact on the Anopheles population and on malaria transmission was determined by nine cross-sectional
surveys carried out at regular intervals throughout the study period.
Results: Anopheles gambiae s.l. and Anopheles funestus represented 95% of the collected anopheline species. In the valleys,
where the vector control activities were implemented, Anopheles density was reduced by 82% (95% CI: 69–90). Similarly,
transmission was decreased by 90% (95% CI: 63%–97%, p = 0.001). In the sprayed valleys, Anopheles density was further
reduced by 79.5% (95% CI: 51.7–91.3, p < 0.001) in the houses with nets as compared to houses without them. No
significant impact on vector density and malaria transmission was observed in the hill tops. However, the intervention
focused on the high risk areas near the valley floor, where 93% of the vectors are found and 90% of the transmission
occurs.
Conclusion: Spatial targeted vector control effectively reduced Anopheles density and transmission in this highland
district. Bed nets have an additional effect on Anopheles density though this did not translate in an additional impact on
transmission. Though no impact was observed in the hilltops, the programme successfully covered the areas most at risk.
Such a targeted strategy could prevent the emergence and spread of an epidemic from these high risk foci.
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Background
Malaria epidemics occur frequently in the African high-
lands [1-3]. Their control is a priority and a specific plan
of action was adopted by the African leaders during the
2000 Abuja summit [4]. An early warning system to
increase malaria epidemic preparedness and prevention
has been promoted, based on climate data, population
vulnerability indicators, environmental factors and dis-
ease surveillance [5]. Models proposed seems reliable in
desert fringes [6,7], where rainfall is the main driving fac-
tor of epidemics [8]. However, the available forecasting
models may not be accurate enough for the African high-
lands where most populations at risk of epidemics reside
[8,9]. Consequently, in the highlands, routine implemen-
tation of preventive measures and prompt response to an
unexpected increase of malaria cases are the main compo-
nents for the control of epidemics.
In the last decade, Burundi has faced an increase in
malaria cases with a major malaria outbreak in 2001 [10].
To contain the epidemic, Indoor Residual Spraying (IRS)
and Long-Lasting Insecticidal Nets (LLIN) have been
implemented in the highland province of Karuzi [11].
Due to its late implementation, this strategy was unable to
have any impact on the epidemic. However, this experi-
ence showed that these interventions were feasible, even
in the context of a complex emergency situation.
Following the 2001 epidemic, the national health author-
ities decided to improve data collection, adopted an
interim treatment protocol based on artemether-lumefan-
trin only during malaria epidemics and started studies to
change the national treatment policy for an artemisinin-
based combination therapy (ACT). Furthermore, in
Karuzi, one of the most affected areas, focal vector control
activities were implemented. The objective of these meas-
ures was to prevent future malaria outbreaks.
In epidemic areas, the distribution of anopheline mosqui-
toes and malaria transmission are usually focal [12] and
often negatively associated with distance from rivers or
valley bottoms [13,14]. Therefore, rather than implement-
ing vector control activities over large areas, it was felt that
they could be targeted to places where most malaria trans-
mission occurs, possibly reducing the implementation
costs, and enhancing their sustainability without losing
effectiveness [15]. Besides reducing transmission in the
targeted valleys, it was thought that the hills above the IRS
areas would also benefit as they would be shielded from
the transmission occurring from below [16]. Similar
approach, i.e. focal intervention based on vector behav-
iour, was successfully used to control malaria with envi-
ronmental measures in the early 20th century in Indonesia
[17] but later abandoned in the DDT era. Since then, only
one study addressed this issue for African highland [16].
This paper reports the results of such targeted intervention
on vector density and malaria transmission in the Burundi
highlands.
Methods
Study area
Karuzi is a central highland province in Burundi. A
detailed description was presented elsewhere [11]. In
2002, malaria was the main cause of morbidity, represent-
ing 57% of all attendance to health facilities (Médecins
Sans Frontières-Belgium malaria dataset, 2002). Malaria
cases peak in June–July and in November–December. The
recent epidemics in the Burundian highlands were mostly
recorded towards the end of the year (EPISTAT: Epidemi-
ology and Statistic Cell of the Ministry of Health,
Burundi).
Interventions and study
Between 2002 and 2005, an annual IRS round (June–July)
was carried out targeting the areas at the foot of the hills
before the second transmission period. The rationale of
such choice was based on the observation that malaria
vectors seldom spread further than one kilometre radius
from the breeding sites [15,17]. In the highlands, vectors
are usually clustered at the valleys' bottom from where
they do not spread beyond 500 meters [18]. In this study
only the valleys, i.e. the zone from the river/marsh at the
bottom of the valley up to 700 meters uphill, were treated,
while the upper part of the hills were left untreated. In the
intervention areas, IRS was carried out in all human dwell-
ings (interior walls and ceilings) and cattle sheds with the
residual insecticides deltamethrin 5 WP (in 2002–2004)
or alphacypermethrin 5 WP (in 2005) at the dose of 25
mg a.i./m2. In 2002, the LLIN (PermaNet® 1.0) distribu-
tion preceded the first IRS round and consisted of two nets
for each sprayed house.
The larger cultivated valleys, with the highest population
density, were chosen for the intervention, while other
areas were identified as control areas (Figure 1). Because
intervention areas were actually selected for their higher
malaria risk and this for obvious ethical reasons, they are
probably not entirely comparable to control areas. Anti-
malarial treatment was available for both intervention
and control areas. The total length of both sides of the val-
ley floors, control (74 kilometres) and intervention (331
kilometres) alike were equally divided into 100 points on
a digital map of the province. For each survey, 25 points
were randomly selected for both intervention and control
area and their latitude and longitude sent to a hand-held
global positioning system (GPS 76, Garmin®). From the
geographical location of each selected point, two clusters
consisting of either four or eight houses (according to the
survey) where chosen; The valley clusters comprised
houses located around a randomly chosen point on a ver-
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Map of Karuzi Province (Burundi) showing the intervention and control areasFigure 1
Map of Karuzi Province (Burundi) showing the intervention and control areas. In the intervention areas only the 
valleys were sprayed depicted in grey. The hill tops were not sprayed (dotted grey). The control areas are represented in 
green for the valleys and dotted green for the hill tops.
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tical line running between 100 and 600 meters from the
bottom; The hilltop clusters comprised houses located
around a randomly chosen point on a vertical line run-
ning between 100 and 600 meters from the "limit" (700
metres from the valley bottom) separating valley and hill
top (Figure 2). Hence, four zones were identified: (1) the
intervention valleys with treated houses, (2) the corre-
sponding intervention hill tops without treatment, (3) the
untreated control valleys and (4) the untreated control
hill tops. In total 4 × 25 clusters were re-sampled for each
survey.
A baseline entomological survey (Survey 1) was done
before the intervention and was followed for four years by
two annual surveys: one three months (Novem-
ber–December: survey 2, 4, 6, 8) and the other nine
months (April–May: survey 3, 5, 7, 9) after the yearly IRS.
The types of houses (size, open eaves, walls and roof),
presence of animals, location of the kitchen, altitude and
distance from the selected cluster to the swamp were
recorded, based on direct observation.
Daytime indoor resting mosquitoes were collected by
spray-sheet catches using aerosol with pyrethrum and pip-
eronyl butoxide [19]. These spray-sheet collections were
done in randomly selected un-sprayed houses of the con-
trol areas and intervention hill tops. In the intervention
valleys the collection was made regardless of the spraying
status of the houses during the preceding IRS round. The
Indoor Resting Density (IRD) was determined as the aver-
age number of Anopheles collected for each house.
Anophelines were morphologically identified and classi-
fied as Anopheles gambiae sensu lato (s.l.) and Anopheles
funestus using a simplified key adapted from Gillies [20].
The feeding status (unfed, blood-fed, half-gravid and
fully-gravid) was also scored. A sample of An. gambiae s.l.
and An. funestus mosquitoes was analysed by species spe-
cific Polymerase Chain Reaction (PCR) [21,22]. The head
and thorax of all collected females were individually
tested with an enzyme-linked immunosorbent assay
(ELISA) adapted from Wirtz [23] for the presence of Plas-
modium falciparum circumsporozoite antigen. The sporo-
zoite rate (SR) was computed as the proportion of ELISA
positive mosquitoes. The number of infective bites per
house per month was estimated as the number of fed
Anopheles resting indoor and positive for P. falciparum by
the ELISA test [24,25].
Statistical analysis
Data were analysed using STATA software (Stata-Corpora-
tion, USA, version 9.2). In all statistics analyses, house
clusters were taken into account to calculate robust stand-
ard errors and 95% confidence interval (95%CI). Logistic
Representation of the valley and hill top areas, showing the sampling zonesFigure 2
Representation of the valley and hill top areas, showing the sampling zones. From the valley floor, clusters in the 
valley where chosen at random between 100 and 600 metres. Clusters in the hill top were selected from 100 to 600 metres 
from the limit separating valley and hill top.
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regressions were used to analyse the SR whereas negative
binomial regressions were used for the counts (IRD and
number of infective bites).
Baseline data on housing characteristics in the four zones
were summarized by means of proportions or means. All
entomological indicators, Anopheles species, An. funestus
and An. gambiae IRD, SR and number of infective bites
were analysed separately for the valleys and the hilltops
data. Anopheles IRD was tested using the survey identifica-
tion, intervention vs. control and the interaction between
both as discrete explanatory variables. The density of An.
funestus and An. gambiae in the hilltops were also com-
puted using the seasons (before, three months or nine
months after IRS), the intervention vs. control and their
interaction terms as explanatory variables. SR and the
number of infective bites were analysed for the dataset of
surveys 2–9 pooled together with intervention vs. control
as explanatory variables.
All entomological indicators were analysed in control
areas for surveys 2–9 using hilltop vs. valley as only
explanatory variable. Finally, the effect of the LLINs on the
Anopheles IRD and on the number of infective bites was
evaluated on the dataset restricted to the intervention val-
leys. Density Ratios (DR) were calculated as the exponen-
tial of the negative binomial regression coefficient for the
IRD and for the number of infective bites.
Ethical issues
Verbal consent was asked to the head of each household
for the spray catches. In case of refusal (usually less than
10 by surveys) the next household was asked for permis-
sion. The vector control programme and the study were
approved by the Ministry of Health of Burundi. Ethical
approval for this study was granted by the Ethical Com-
mittee of the Institute of Tropical Medicine in Antwerp.
Results
Vector control activities
A total of 24,000 LLINs were distributed (Table 1). In
2002, just after the main distribution, most nets were in
use (18792/23850, 78.8%), the rest being either not used
(2632/23850, 11.0%) or missing. However, during the
period 2002–2005, LLIN use decreased to 31.2%. IRS cov-
erage exceeded 90%, except for the year 2002 (Table 1).
During the first IRS round, 1,600 houses in the southern
part of the province could not be sprayed because of secu-
rity problems. These houses were treated and received
LLINs the following years.
Baseline characteristics of households and malaria 
transmission
Before the intervention, i.e. survey 1, the house character-
istics between intervention and control areas were similar
(Table 2), except for the clusters in the hill tops of the
intervention areas which were more distant from the val-
ley bottom (1,216 metres) than those in the control areas
(945 metres). The separation between valleys and hill
tops was chosen at 700 meters from the valley bottom.
However, in the intervention areas during the houses cen-
sus, the limit was moved further away in some areas and
explained the difference between clusters in the hill tops.
In the subsequent surveys, no major differences between
control and intervention areas in terms of house type
(size, open eaves, walls and roof), domestic animals, loca-
tion of the kitchen, mean altitude of the clusters and dis-
tance from valley clusters to valley bottom could be
found.
Before the intervention, malaria transmission in the val-
leys was significantly higher in the intervention than in
the control valleys, mainly because of differences in
Anopheles density and not sporozoite rates (Table 3).
However, the hilltops of both intervention and control
areas were comparable in term of transmission and
Anopheles density.
Entomological results
Species composition
A total of 18,764 mosquitoes were collected indoors,
77.1% (14,474) anophelines. Anopheles gambiae s.l. and
An. funestus were the most abundant species (up to 95%
of catches), with females An. gambiae s.l. (9473, 79.3%)
more prevalent than An. funestus (2471, 20.7%), except
for survey 1 where 57.6% of Anopheles were An. funestus.
Table 1: Coverage of the vector control activities, Indoor Residual Spraying (IRS) and Long Lasting Insecticidal Net (LLIN) by year
2002 2003 2004 2005
Total provincial population* 302 062 311 134 320 458 329 431
Nbr of targeted houses (% treated) 14 783 (86%) 15 106 (95%) 17 954 (93%) 18 072 (94%)
Nbr of houses treated/man/day 6.0 5.7 5.7 5.4
Insecticide used Deltamethrin Deltamethrin Deltamethrin Alpha cypermethrin
Nbr of LLIN distributed 20 750 3 200 0 0
Nbr of net used (%**) 18 792 (78.8%) 17 631 (65.2%) 14 442 (53.4%) 8 431 (31.2%)
* Official data (EPISTAT Burundi)
** % = net used/(LLINs distributed + 3100 net present in the houses before the intervention)
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Anopheles gambiae s.s. (98.2%) was the dominant species
of the complex. A few Anopheles arabiensis (60, 1.8%) were
collected, most of them in April–May 2004 and 2005.
Within the Anopheles species morphologically identified
as An. funestus (n = 1898), 79.3% were An. funestus s.s. by
species specific PCR [22]. For the remaining samples, the
PCR and the sequencing analysis of the ITS2 region
revealed no link with recorded species. After careful mor-
phological identification, they could be identified as
Anopheles demeilloni (Ralph Harbach personal communi-
cation), for which no sequence exists. This species is mor-
phologically close to the An. funestus group and could not
be separated using simplified identification keys. It will be
further defined as "Anopheles funestus-like".
Indoor resting density
After the intervention, the overall reduction of Anopheles
density in the valleys was 82.5% (95% CI: 69.4–90.0, p <
0.001) in the intervention compared to control areas. This
significant difference was observed for every survey done
three or nine months after IRS (Table 4). After the inter-
vention, Anopheles density in the hilltops was only signif-
icantly reduced in the intervention for surveys 5 and 6
(Table 4). A lower density of An. funestus was only
observed for the surveys done three months after the
spraying (DR: 0.45, 95% CI: 0.25–0.81, p = 0.008), while
for the others the difference was not statistically signifi-
cant (DR: 0.66, p = 0.199). A similar DR was observed in
An. gambiae s.l. (DR: 0.46, 95% CI: 0.15–1.41, p = 0.174)
Table 2: Environmental and household characteristics in the intervention (I) and control (C) areas for pre-intervention survey (survey 
1).
Valleys Hill tops
C I C I
No. of houses sampled 100 100 99 150
Houses with animals inside 68.0 (4.5) 62.0 (6.1) 69.4 (5.1) 64.7 (6.0)
Open eaves 57.0 (5.1) 49.0 (6.0) 48.5 (6.0) 47.3 (5.7)
Separate kitchen 22.0 (4.4) 19.0 (4.6) 20.2 (4.8) 22.0 (6.0)
Size of houses
< 25 m2 11.0 (4.6) 28.0 (5.6) 19.2 (5.5) 19.3 (3.7)
25–50 m2 19.0 (4.6) 22.0 (5.3) 21.2 (4.3) 34.0 (4.2)
> 50 m2 70.0 (6.5) 50.0 (7.6) 59.6 (6.5) 46.7 (5.5)
Type of walls
Thatch 2.0 (1.4) 10.0 (3.8) 8.1 (3.8) 8.0 (2.7)
Mud 69.0 (7.0) 54.0 (7.5) 67.7 (6.7) 61.3 (6.8)
Bricks 24.0 (6.0) 33.0 (6.6) 19.2 (4.2) 25.3 (5.4)
Other 5.0 (2.0) 3.0 (1.7) 5.1(2.1) 5.3 (2.5)
Type of roofs
Thatch 51.0 (7.1) 53.0 (8.5) 52.5 (6.2) 55.3 (7.1)
Tile 14.0 (4.6) 16.0 (5.4) 19.2 (5.2) 12.0 (3.7)
Corrugate 19.0 (5.1) 22.0 (6.2) 23.2 (4.4) 27.3 (6.5)
Other 16.0 (4.8) 9.0 (3.2) 5.1 (2.9) 5.3 (1.9)
Altitude clusters (m) 1554 (11.9) 1548 (12.0) 1599 (18.4) 1607 (14.3)
Distance clusters/valley floors (m) 387(27.5) 404 (29.0) 945 (39.8) 1216 (71.5)
Proportions (standard error) are reported except for altitude and distance where arithmetic means (standard error) are given.
Table 3: Baseline Indoor Resting Density (IRD), Sporozoite Rate (SR) and infective bites as observed during the pre-intervention 
survey in Control (C) and Intervention (I) areas.
Valleys Hill tops
C I Ratio* (95% CI) P value C I Ratio* (95% CI) P value
IRD total Anopheles/house 1.3 7.6 5.9 (1.7–21.0) 0.007 1.3 0.6 0.4 (0.1–1.6) 0.200
SR total Anopheles (No. tested) 3.8% (104) 4.2% (737) 1.1 (0.4–3.1) 0.858 0.9% (114) 6.3% (64) 7.5 (2.2–26.2) 0.002
IRD fed Anopheles/house 0.5 4.3 8.7 (2.3–32.9) 0.002 0.4 0.2 0.6 (0.2–1.8) 0.333
SR fed Anopheles (No. tested) 2.0% (49) 4.1% (419) 2.0 (0.4–11.0) 0.397 2.8% (36) 9.4% (32) 3.6 (0.6–22.3) 0.156
Infective bites/house/month 0.3 5.1 17.0 (1.7–171) 0.015 0.3 0.6 2.0 (0.2–23.3) 0.580
*Density ratios for indoor resting density and infective bites. Odd ratios for sporozoite rates
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three months after IRS. However, the high intraclass cor-
relation of the latter data caused an important design
effect (Deff = 4.3 compared to 1.7 obtained in the analysis
of An. funestus data) and reduced the power of the statisti-
cal analysis.
In the intervention valleys, an additional protective effect
due to LLINs was observed, with a decrease of Anopheles
density of 79.5% (95% CI: 51.7–91.3), p < 0.001) in the
November–December surveys pooled together. The LLINs
were given to protect the population during the May-June
transmission season when the residual activity of the
insecticide use for IRS, had ceased. However, nine months
after IRS, a 56.2% reduction in Anopheles density associ-
ated with LLIN use narrowly missed statistical significance
(95% CI: 0–71.0, p = 0.053).
Malaria sporozoite infection rates (SR) in Anopheles
SR was estimated for all specimens, regardless of their
physiological status. Before the intervention, the P. falci-
parum SR was 6.2% (27/433) for An. gambiae s.l. and 2.2%
(13/586) for An. funestus. The post-intervention SR (all
surveys pooled together) was 1.0% (10/1018) in the inter-
vention valleys and 2.4% (149/6235) in the control val-
leys (OR: 0.41, 95% CI: 0.22–0.74, p = 0.004). However,
the difference was significant only for An. gambiae s.l.
(OR: 0.39, 95% CI: 0.21–0.75, p = 0.004) and not for the
morphological identified An. funestus (OR: 0.49, 95% CI:
0.06–3.80, p = 0.493), probably because of the limited
number of specimens collected. On the hilltops, no signif-
icant difference in SR between control and intervention
areas was observed (OR: 0.81, 95% CI: 0.36–1.81, p =
0.605). For the "An. funestus-like" species, ELISA tests
(459) were negatives for all surveys.
Infective bites by house per month
In the valleys, vector control reduced the infective bites/
house/month by 89.6% (95% CI: 62.5–97.1, p = 0.001).
The number of infective bites was undetectable in the
intervention valleys (Figure 3), except for surveys 5 and 7,
where transmission increased but was still lower than in
control valleys with DR of 0.08 (95% CI: 0.01–0.74, p =
0.026) and 0.28 (95% CI: 0.06–1.36, p = 0.114) respec-
tively. In the intervention areas (valleys and hill tops), the
transmission was reduced by 84.4% (95% CI: 60.1–93.9,
p < 0.001) compared to control areas. No effect of LLIN-
use was observed on transmission for the surveys per-
formed three or nine months after the yearly IRS round.
Mean number of infective bites per house by survey in inter-ventio  and control valleysFigure 3
Mean number of infective bites per house by survey 
in intervention and control valleys. Arrows represent 
the spraying round. To estimate the transmission only freshly 
fed females positive with the ELISA test were considered.
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Table 4: Mean indoor resting density per house of all Anopheles in valleys and hill tops of intervention (I) and control (C) areas. 
Differences by survey were tested with the negative binomial regression.
Valleys Hill tops
Survey C I* Density ratio (95% CI) P value C I* Density ratio (95% CI) P value
2 3.26 0.13 0.04 (0.01–0.13) <0.001 1.03 0.39 0.37 (0.13–1.05) 0.061
3 1.81 0.27 0.15 (0.06–0.40) <0.001 0.34 0.74 2.20 (0.87–5.58) 0.096
4 1.87 0.18 0.09 (0.03–0.26) <0.001 0.65 0.32 0.49 (0.23–1.02) 0.055
5 7.12 0.52 0.07 (0.03–0.16) <0.001 3.36 0.90 0.27 (0.12–0.61) 0.002
6 2.51 0.27 0.11 (0.02–0.70) 0.020 0.76 0.18 0.24 (0.09–0.64) 0.004
7 8.70 3.44 0.40 (0.16–0.95) 0.039 2.18 3.39 1.56 (0.56–4.30) 0.392
8 11.80 1.19 0.10 (0.03–0.32) <0.001 3.13 1.76 0.56 (0.15–2.07) 0.386
9 3.58 1.15 0.32 (0.15–0.70) 0.004 1.53 1.73 1.13 (0.34–3.84) 0.839
*Areas initially selected as intervention and not sprayed during the first year were not included in the analysis of survey 2 and 3.
Odd surveys: April–May, 9 months after the annual IRS round
Even surveys: November–December, 3 months after the annual IRS round
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Sporozoite rates in fed anopheles used to calculate the
number of infective bites were null in both treated houses
with nets and without nets in the surveys done three
months after the activities.
Comparison between valleys and hill tops
In survey 1, there was no difference for Anopheles density
and infective bites/house/month between the valleys and
the hilltops in control areas; in the intervention areas
93.1% of the Anopheles (95% CI: 78.9–98.1) and 89.6% of
the malaria transmission (95% CI: 56.8–98.2) were found
in the houses within 700 meters of the valley bottom.
These differences were not seen in the intervention areas
after the implementation of vector control activities. In
control areas, from survey 2 to 9, higher densities of
Anopheles, sporozoite rates and transmission were found
in the valleys compared to the hill tops (Table 5).
Discussion
Vector control based on IRS and insecticide-treated nets
are effective tools in preventing malaria in the highlands
[26,27]. In order to improve the cost effectiveness of such
methods they could be targeted to the malaria high risk
areas. Malaria transmission in African Highlands is often
focal [28] and breeding sites are usually more common in
the valley floors as seen in highlands of Kenya [29], Tan-
zania [16] and Rwanda-Burundi [13].
In Burundi, from 2002 to 2005, vector control measures
combining IRS and LLINs were implemented in the high-
land province of Karuzi. These activities were spatially and
timely targeted to enhance the feasibility and lower the
cost. One round of IRS per year was organized in
June–July before the seasonal increase in transmission.
Moreover, only the valley floors, where most Anopheles
breeding sites are, were treated. The activities were success-
fully implemented and the high coverage for IRS in the
targeted areas has been sustained due to the strong sup-
port of the local authorities. The number of LLINs
retained after distribution among targeted households
was rather high for a low income population, no past his-
tory of net use and with low mosquito nuisance. However,
the life span and fabric integrity of PermaNet® in these
poor housing settings was drastically reduced and cover-
age decreased quickly after the first year, mostly because
net were holed by wood sticks and rats and thrown away;
some of them were stolen. It appears then that, besides
their insecticidal properties, LLINs should also be resistant
enough to support hard field condition as those occurring
in Burundi [30].
This study confirmed that most malaria transmission
occurred close to the valley bottoms where rivers, marshes
and agricultural activities are. In the intervention areas
and before any vector control activity, 93% of Anopheles
was found near the valley floors, a result consistent with
the 98% found by Githeko in the Kenyan highlands [29].
In contrast to what was seen in the Tanzanian mountains
[16], the expected protective effect of the treated valleys
on the hill tops could not be demonstrated, except for An.
funestus just after the yearly IRS rounds. This may suggest
that the Anopheles density in the hilltops, particularly that
of An. gambiae s.l., may depend also on local and higher
breeding places.
Non-treated sentinel houses are commonly used to evalu-
ate a mass effect on the vector population. However, in
this study houses in the intervention valleys were selected
at random, regardless of their spraying status during the
previous IRS round. This method may provide a more rep-
resentative picture of the real exposure of the human pop-
ulation. Human landing collections would have been
more appropriate to estimate the transmission but this
was not feasible because of insecurity. Collection of
indoor resting mosquitoes is an alternative when consid-
ering the high endophily of malaria vectors in the high-
lands. The estimation of transmission intensity is then
based only on freshly fed females positive for the circum-
sporozoite antigen by unit of time (month) [24,25].
This spatial targeted intervention drastically reduced the
vector populations of An. gambiae s.l. and An. funestus in
the treated valleys compared to the control valleys. By
only spraying the valleys, malaria transmission was
reduced by 89.6% in the targeted valleys and by 84.4% in
the whole intervention areas. Moreover, because the con-
trol valleys had a significant lower Anopheles density and
malaria transmission than intervention area in the base-
Table 5: Comparison of entomological outcomes (indoor resting densities, sporozoite rates and infective bites) between valleys and 
hill tops of control areas (survey 2 to 9 pooled together).
Valleys Hill tops Ratio* (95% CI) P value
IRD total Anopheles/house 5.2 1.7 3.1 (1.9–5.2) <0.001
SR total Anopheles (No. tested) 2.4% (6235) 1.2% (1898) 2.0 (1.1–3.7) 0.029
IRD fed Anopheles/house 1.3 0.5 2.5 (1.3–4.6) 0.005
SR fed Anopheles (No. tested) 2.0% (1812) 0.8% (714) 2.4 (0.9–6.1) 0.067
Infective bites/house/month 0.7 0.1 6.0 (2.2–16.8) <0.001
*Density ratios for Indoor Resting Density (IRD) and infective bites. Odd ratios for Sporozoite Rates (SR).
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line survey, the impact of the control measures may be
underestimated.
From the fourth year of intervention (year 2005), a lower
effect of the control activities on An. gambiae s.l. density
was observed in the treated areas. This could be attributed
to different factors: an overall Anopheles increased
observed also in the control valleys, a lower quality of the
spraying, the use of a different pyrethroid insecticide
(alpha-cypermethrin) during the last year and the
decreased used and/or efficacy of the LLINs. Finally, the
repetitive used of IRS could have also selected pyrethroid
resistant as recently shown for pre-impregnated plastic
sheeting [31]. In Karuzi, an increase in kdr allele fre-
quency, involved in pyrethroids resistance in An. gambiae
s.s. was observed after each spray round and the impor-
tance of insecticide resistance would be further investi-
gated. Pyrethroids resistances could hamper malaria
control as observed in South Africa [32] and Equatorial
Guinea [33].
Usually, IRS or LLIN's are implemented alone. Recently
operational research, to determine the efficacy of combin-
ing both interventions areas, has been advocated by the
WHO Global Malaria Programme [34]. In the Burundian
context, LLIN-use confers an added value to IRS in reduc-
ing the Anopheles density in the houses. However, the high
coverage achieved with IRS had already decreased the spo-
rozoite rate to undetectable level and no additional reduc-
tion on transmission could be observed where LLIN are
used.
Conclusion
Vector control activities of IRS targeting valleys in high-
land were very effective in reducing Anopheles density and
malaria transmission. These valleys are responsible for
90% of the transmission occurring in the area. In sprayed
areas, LLINs reduced further the Anopheles density but not
the transmission. Unfortunately, treating the valleys did
not confer protection for adjacent hilltops, although the
density of mosquitoes was much reduced there. Given
limited resources, it appears that such targeted approach
in highlands could avoid the spread of epidemic from
these foci preventing outbreaks in the whole province.
Authors' contributions
NP was involved in the study design, conducted the
implementation of the operational activities and the data
collection, performed statistical analysis and interpreta-
tion and drafted the manuscript. WVB was involved in
interpretation of the data, helped to draft and revised the
paper for intellectual content. TM and MVH were involved
in the data analysis and revised the manuscript. PM initi-
ated this program and revised the manuscript. BD was
involved in the operational activities, the data collection
and revised the manuscript. MC was responsible for the
study design and conception. UDA contributed to the
study design and with MC critically reviewed the manu-
script for intellectual content. All authors have read and
approved the final version of the manuscript.
Acknowledgements
The authors acknowledge the support of the Ministry of Health of Burundi 
and particularly the staff of LMTC for their great field work, during these 4 
years. We would like also to thank the provincial administration of Karuzi 
for their strong collaboration. We express our gratitude to all the popula-
tion of Karuzi who despite a difficult situation cooperated with our team 
and make such programme feasible. This work was partly funded by MSF-
Belgium and the Belgian co-operation (DGDC).
References
1. Checchi F, Cox J, Balkan S, Tamrat A, Priotto G, Alberti KP, Zurovac
D, Guthmann JP: Malaria epidemics and interventions, Kenya,
Burundi, Southern Sudan, and Ethiopia, 1999-2004.  Emerg
Infect Dis 2006, 12:1477-1485.
2. Lindblade KA, Walker ED, Onapa AW, Katungu J, Wilson ML: High-
land malaria in Uganda: prospective analysis of an epidemic
associated with El Nino.  Trans R Soc Trop Med Hyg 1999,
93:480-487.
3. Malakooti MA, Biomndo K, Shanks GD: Reemergence of epi-
demic malaria in the highlands of western Kenya.  Emerg Infect
Dis 1998, 4:671-676.
4. World Health Organization: The African summit on Roll Back
Malaria, Abuja 25 april 2000.  2000, WHO/CDS/RBM/
2000.17:.
5. World Health Organization: Malaria epidemics: forecasting,
prevention, early detection and control. From policy to prac-
tice: Report of an Informal Consultation.  8-10 December
2003.  2003, WHO/HTM/MAL/2004.1098: [http://www.who.int/
malaria/docs/Leysinreport.pdf]. Leysin.Switzerland.
6. Grover-Kopec E, Kawano M, Klaver RW, Blumenthal B, Ceccato P,
Connor SJ: An online operational rainfall-monitoring resource
for epidemic malaria early warning systems in Africa.  Malar
J 2005, 4:6.
7. Thomson MC, Doblas-Reyes FJ, Mason SJ, Hagedorn R, Connor SJ,
Phindela T, Morse AP, Palmer TN: Malaria early warnings based
on seasonal climate forecasts from multi-model ensembles.
Nature 2006, 439:576-579.
8. Abeku TA: Response to malaria epidemics in Africa.  Emerg
Infect Dis 2007, 13:681-686.
9. Cox J, Abeku TA: Early warning systems for malaria in Africa:
from blueprint to practice.  Trends Parasitol 2007, 23:243-246.
10. Guthmann JP, Bonnet M, Ahoua L, Dantoine F, Balkan S, Van Herp M,
Tamrat A, Legros D, Brown V, Checchi F: Death rates from
malaria epidemics, Burundi and Ethiopia.  Emerg Infect Dis
2007, 13:140-143.
11. Protopopoff N, Van Herp M, Maes P, Reid T, Baza D, D'Alessandro
U, Van Bortel W, Coosemans M: Vector control in a malaria epi-
demic occurring within a complex emergency situation in
Burundi: A case study.  Malar J 2007, 6:93.
12. Zhou G, Minakawa N, Githeko A, Yan G: Spatial distribution pat-
terns of malaria vectors and sample size determination in
spatially heterogeneous environments: a case study in the
west Kenyan highland.  J Med Entomol 2004, 41:1001-1009.
13. Jadin J, Fain A: Contribution à l'étude du paludisme en pays
d'altitude.  Ann Soc Belg Med Trop 1951, 31:353-363.
14. Minakawa N, Sonye G, Mogi M, Yan G: Habitat characteristics of
Anopheles gambiae s.s. larvae in a Kenyan highland.  Med Vet
Entomol 2004, 18:301-305.
15. Carter R, Mendis KN, Roberts D: Spatial targeting of interven-
tions against malaria.  Bull World Health Organ 2000,
78:1401-1411.
16. Smith A: Effect of residual house spraying in the plains on
anopheline densities in huts on the Pare Mountains.  Nature
1959, 183:198-199.
17. Takken W, Snellen WB, JP V, Knols BGJ, Atmosoedjono S: Environ-
mental measures for malaria control in Indonesia; An historical review on
Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Malaria Journal 2007, 6:158 http://www.malariajournal.com/content/6/1/158
Page 10 of 10
(page number not for citation purposes)
species sanitation Wageningen Agricultural University papers 90(7)
edition. Agricultural University Wageningen,Wageningen; 1990. 
18. Zhou G, Munga S, Minakawa N, Githeko AK, Yan G: Spatial Rela-
tionship between Adult Malaria Vector Abundance and Envi-
ronmental Factors in Western Kenya Highlands.  Am J Trop
Med Hyg 2007, 77:29-35.
19. World Health Organization: Manual on practical entomology in
malaria. PartII: Methods and Techniques.  Division of Malaria
and other Parasitic Diseases; 1975. 
20. Gillies MT, Coetzee M:  A supplement to the Anophelinae of Africa south
of the Sahara (Afrotropical region) The South African Institute for Med-
ical Research, Johanesburg; 1987. 
21. Scott JA, Brogdon WG, Collins FH: Identification of single speci-
mens of the Anopheles-Gambiae complex by the polymer-
ase chain-reaction.  Am J Trop Med Hyg 1993, 49:520-529.
22. Garros C, Koekemoer LL, Kamau L, Awolola TS, Van Bortel W,
Coetzee M, Coosemans M, Manguin S: Restriction fragment
length polymorphism method for the identification of major
African and Asian malaria vectors within the Anopheles
funestus and An. minimus groups.  Am J Trop Med Hyg 2004,
70:260-265.
23. Wirtz RA, Zavala F, Charoenvit Y, Campbell GH, Burkot TR, Schnei-
der I, Esser KM, Beaudoin RL, Andre RG: Comparative testing of
monoclonal-antibodies against Plasmodium-Falciparum
sporozoites for elisa development.  Bull World Health Organ
1987, 65:39-45.
24. Gimnig JE, Vulule JM, Lo TQ, Kamau L, Kolczak MS, Phillips-Howard
PA, Mathenge EM, Ter Kuile FO, Nahlen BL, Hightower AW, Hawley
WA: Impact of permethrin-treated bed nets on entomologic
indices in an area of intense year-round malaria transmis-
sion.  Am J Trop Med Hyg 2003, 68:16-22.
25. Ndenga B, Githeko A, Omukunda E, Munyekenye G, Atieli H, Wamai
P, Mbogo C, Minakawa N, Zhou G, Yan G: Population dynamics
of malaria vectors in western Kenya highlands.  J Med Entomol
2006, 43:200-206.
26. Guyatt HL, Corlett SK, Robinson TP, Ochola SA, Snow RW: Malaria
prevention in highland Kenya: indoor residual house-spray-
ing vs. insecticide-treated bednets.  Trop Med Int Health 2002,
7:298-303.
27. Jambou R, Ranaivo L, Raharimalala L, Randrianaivo J, Rakotomanana F,
Modiano D, Pietra V, Boisier P, Rabarijaona L, Rabe T, Raveloson N,
De Giorgi F: Malaria in the highlands of Madagascar after five
years of indoor house spraying of DDT.  Trans R Soc Trop Med
Hyg 2001, 95:14-18.
28. Ernst KC, Adoka SO, Kowuor DO, Wilson ML, John CC: Malaria
hotspot areas in a highland Kenya site are consistent in epi-
demic and non-epidemic years and are associated with eco-
logical factors.  Malar J 2006, 5:78.
29. Githeko AK, Ayisi JM, Odada PK, Atieli FK, Ndenga BA, Githure JI,
Yan G: Topography and malaria transmission heterogeneity
in western Kenya highlands: prospects for focal vector con-
trol.  Malar J 2006, 5:107.
30. Coticelli P: WHOPES and its impact on long lasting insecti-
cidal net availability.  Africa Fighting Malaria 2007 [http://www.fight
ingmalaria.org/pdfs/AFM_WHOPES_LLN.pdf]. Africa Fighting Malaria
31. Diabate A, Chandre F, Rowland M, N'Guessan R, Duchon S, Dabire
KR, Hougard JM: The indoor use of plastic sheeting pre-
impregnated with insecticide for control of malaria vectors.
Trop Med Int Health 2006, 11:597-603.
32. Hargreaves K, Koekemoer LL, Brooke BD, Hunt RH, Mthembu J,
Coetzee M: Anopheles funestus resistant to pyrethroid insec-
ticides in South Africa.  Med Vet Entomol 2000, 14:181-189.
33. Sharp BL, Ridl FC, Govender D, Kuklinski J, Kleinschmidt I: Malaria
vector control by indoor residual insecticide spraying on the
tropical island of Bioko, Equatorial Guinea.  Malar J 2007, 6:52.
34. World Health Organization Global Malaria Programme: Insecticide
treated mosquito nets: a WHO Position Statement.  2007
[http://www.who.int/malaria/docs/itn/ITNspospaperfinal.pdf].
